REACTION TO VISUAL FLICKER IN THE NEWT TRITURUS by Crozier, W. J. & Wolf, Ernst
REACTION  TO  VISUAL  FLICKER  IN  THE  NEWT  TRITURUS 
BY W. J. CROZIER  ~,~D ERNST WOLF 
(From tke Biological Laboratories, Harvard  University,  Cambridge) 
(Received for publication, January 15, 1940) 
I 
The basis for recognition of visual flicker is described by the properties 
of the interrelationships of the flash frequency F  and the flash intensity I 
which are critical for the exhibition of a  forced reaction.  The curve ex- 
hibiting the connection between F  and I, as obtained from many repeated 
measurements, is a band defining a region on the F  -  I  grid within which 
there obtains a  certain probability that succeeding equivalent determina- 
tions of critical F  or I, under the same conditions, will be observed to fall.  1 
The dependence of mean critical I  upon F  (or the converse but not identical 
dependence of  F~  upon  I)  is  fundamentally depicted  by  a  probability 
integral in which F  is ordinate and log I~ is abscissa.  ~  For man and for 
various fishes the visual flicker curve is made up of two sections,  a  low 
intensity portion which rises to a maximum and then descends to F  =  0, 
and a  higher, larger part.  The two parts overlap, additively, to varying 
degrees in different organisms.  Many reasons have been held to support 
the view that the lower part represents the activity of those elements of 
excitation connected with the retinal rods, the upper with the cones,  s  The 
analysis of this situation is assisted by the consideration of further cases 
where,  in  different  vertebrates,  varying  degrees  of  overlapping  of  the 
contributions due to rods and to cones may be expected and where these 
two groups of sensory elements are known to be present in varying relative 
proportions.  The separation of the "rod" and "cone" curves on the log I 
axis may be great or small;  the  decay of  the  rod  contribution  as  log  I 
increases may be slow, delayed, or rapid;  the maximum rod contribution 
may  be  comparatively large,  or  small.  The  ability  of  the  analysis  to 
account for the data in all these circumstances is a test of its capacity. 
In a number of fishes examined differences of these types have been found 
t Crozier,  1935-36;  1936; Crozier,  Wolf, and Zerrahn-Wolf, 1935-37 a, b; 1937-38 c. 
2 Crozier,  1937; Crozier,  Wolf, and Zerrahn-Wolf, 1936-37 c, d; 1937-38 a, b, c. 
3 Hecht and Verrijp, 1932-33;  Hecht, Shlaer, and Smith,  1935; Hecht and Smith, 
1935-36; Hecht, 1937; Crozier, Wolf, and Zerrahn-Wolf, 1937; 1937-38 a. 
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(Crozier, Wolf,  and Zerrahn-Wolf,  1937;  1937-38a),  but they have been 
rather slight.  The F  -  log I  curve is of a form permitting easy separation 
of  the  two  classes  of elements.  For  man  (Crozier,  Wolf,  and  Zerrahn- 
Wolf,  1937-38 c)  the rod curve is relatively larger, and closer to the cone 
part;  the degree of overlapping is more considerable, so that even at the 
lowest part of the data, down to F  --  1, the separation is incomplete.  A 
good part of the cone portion of the curve, however, is free from the addi- 
tion of effects due to rods (F =  18 to 56, 59 in our measurements). 
We now discuss a  case in which the morphology of the F  -  log I  curve 
is more extensively modified by the fusion of the segments due to the two 
classes of sensory elements.  With  the newt Triturus  there is obtained a 
curve which cannot be interpreted in simple terms without careful analysis 
into its components.  The lower magnitude of the integrated rod contribu- 
tion, its small log I  range, and its slighter separation on the I  axis from that 
putatively due to the cones, produce in the curve of the summated end re- 
sult a distortion which causes the F  -  log I graph to exhibit certain unusual 
features.  The presence of more than one kind of rod and cone is clearly 
suggested by the histological structure of the retina of certain lower verte- 
brates.  With  Triturus  the  flicker curve shows  a  complexity which  can 
perhaps be understood on this basis.  Attempts to correlate the form of the 
composite flicker curve with details of retinal structure (and with ethological 
characteristics) must await wider examination of vertebrate types.  In the 
frog  4 the complexity of the F  -  log I  contour here described for Trilurus 
is not found.  Correlations of response data with known peculiarities of 
retinal  structure  do  not  of  course imply  in any necessary way that the 
quantitative properties of the data are determined at the retina.  ~ 
II 
The water form of Triturus ,iridescens viridescens (Raf.) was used with the procedure 
previously described in connection with our observations on fishes,  turtles, the gecko, 
and aquatic insects)  The newts were from a stock collected in western Massachusetts, 
but probably from different locations.  They had been for some time kept at 4°C. in a 
cold room.  After several days  at  room temperature, with good  feeding, they  were 
active and responsive.  The 10 individuals selected were of about the same size, 3  to 
3.5  inches in length.  The  experiments were  made  at  21.5 °  ,  with preliminary dark 
adaptation, by the routine already discussed.  1  The flash cycle was of equal light and 
dark intervals.  During some days of preliminary trials there develops a  definite con- 
ditioning to  the  experimental situation, such  that  the  threshold  response  to  flicker 
becomes clearer and more easily detected. 
4 Crozier and Wolf, 1939-40. 
s Cf.  Crozier, Wolf, and Zerrahn-Wolf, 1938-39; Crozier and Wolf, 1938;  1938-39. W.  J.  CROZIER  AND  ERNST  WOLF  669 
The response is "slow," however, and by no means so convenient to work with as 
that shown by the fishes we have used.  One usually obtains only a deflection  of the 
newt's head in the direction opposite to that of the moving stripes.  Rarely, walking or 
swimming with the stripes was seen.  Its occurrence depends upon the general state 
of activity of the animal at the time, and not upon the intensity of light.  Frequently 
tests must be repeated a number of times before reaction is obtained.  The newts tend 
to become inactive in the thermostat, and gentle mechanical agitation was resorted to 
before the tests. 
The adjustment of the intensity to the level critical for reaction, or of the flash fre- 
quency at fixed I, is made slowly.  The response has a large latency, so that the possi- 
bility of overshooting the end-point is comparatively large. 
Despite this  difficulty,  however, the variability in the measurements is not great. 
The procedure we have used as standard  1 takes three readings of I, (or of Fc) in succes- 
sion  on  one individual,  averaged to give I1  (or F1).  The mean dispersion  of these 
individual It's is no greater than with other animals tested.  The variation of 11, how- 
ever, is rather less than usually found; this is an artifact, due to the circumstance that 
one newt in the lot of 10 was persistently more sensitive and another less sensitive than 
the others.  In more homogeneous  groups of individuals the mean rank-order numbers 
for increasing magnitudes  of 11 are randomly distributed  in  successive  tests, x  With 
this  lot of Triturus we were less  fortunate in  the  effort to obtain  homogeneity and 
equivalence of individuals.  Thus in 36 sets of tests No. 8 gave a mean rank number 
RI  =  2.82 4- 0.240  (P.E.~), while No. 3 gave 6.97  4- 0.285.  The difference  is over 
11 times its P.E., and is correlated with certain minor differences  in the flicker  curves 
as a  whole.  For the other 8 individuals used,  the relative rank-order numbers have 
random values.  For the exceptional animals the  sensitivities are in  the same order 
when Fo is measured.  It is therefore a test of the value of the data that, despite the 
greater difficulty with which the readings can be made in comparison with the situation 
in some other animals used, small individual differences  can be consistently identified 
over a long period of observation. 
Table I  contains  a  summary of the  averages of  the observations.  The 
variation  of 11  follows  the  rule  I  that  I~,  and  az, are  in  direct  proportion 
(Fig. 1).  Above log I  =  0.5 a different origin is required ;l as in other flicker 
data  on  vertebrates,  the  point  of  transition  to the high  intensity  (lower 
slope) section of the plot in Fig. 1 is rather definitely related to certain other 
properties  of  the  measurements  (section  IV).  The  fluctuation  of  FI  as 
measured by P.E.F, also exhibits (Fig. 2) the qualitative properties expected 
from earlier work  (Crozier, Wolf, and Zerrahn-Wolf,  1936-37a, b), in  that 
it rises to a  maximum at each region of inflection on the F  -log  I  curve, 
while  the  final  descending  limb  of  the  P.E.FI  curve  falls  to  a  level  well 
above that  from which  it  rises.  The magnitudes  of  P.E.n  and  of P.E.FI 
are of the order found with other forms.  1  It has been pointed out (section 
II) that one of the  individuals in our lot of 10 showed a  persistently higher 670  REACTION  TO  VISUAL  FLICKER  IN  TRITURUS 
TABLE  I 
Mean critical illuminations for response to visual flicker at various fixed flash fre- 
quencies F, with  tZ/tD  =  1,  as log Im and log P.E.tlt  (miUilamberts), for  the newt 
Triturus  viridescens  viridescens  (Raf.);  and  mean Ft with  P.E.zFz  (flashes per second) 
at fixed intensities.  Temperature, 21.5  °.  N  =  10 individuals, three observations on 
each point (~n  =  30).  In view of the peculiar shape of the flicker contour, a  second 
set of 10 Triturus, of the same size, was studied, some 6 months later; the entries under 
log I,~ and log P.E.zlx in parentheses were obtained with this second series; they agree 
quantitatively with the data from the first set. 
F  log I m  log P.E.zI  t  log I  Fm  P'E/zF  t 
~¢r $8#. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12.5 
15 
17.5 
20 
22.5 
23 
25 
26 
27.5 
29 
30 
millilaraberls 
.~32 
~.748~ 
i.0257 
i.ass 
~.o~ 
8.5974 
L8~68 
(~.8240 
.0206 
~.8eo8 
(~.s623 
'L9319 
(2.9287 
i.2368 
i.8197 
i.567"/ 
(i .r~ 
i.7~5o 
i.9853 
0.1788 
0.4012 
(0.8684 
mil~lamb~ts 
7.7166 
Lo282 
6.2090 
6.7398 
6.4926 
5.0358 
5.9258 
4.3143 
~.7171 
Lo457) 
4.4839 
].3078 
4.8684) 
5.1274 
~.0175 
].2(~6) 
].6814 
].8108 
~-.3738 
].8874) 
~.2707 
2.4473 
2.6548 
i. 3043 
2.8973) 
millilamberts 
"~.000 
5 . 500 
LO00 
"i.500 
~.000 
L 5oo 
2.ooo 
~ . 5oo 
i.ooo 
i.5oo 
0.000 
0.500 
1.96 
3.77 
5.86 
Y.36 
V.94 
8.68 
11.72 
16.44 
20.12 
24.02 
27.03 
80.80 
0.0321 
0.0330 
0.0103 
0.0446 
0.0526 
0.0312 
0.0615 
0.358 
0.372 
0.318 
0.375 
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F  log I m  log P.E.11  t  log I  Fra  P'E'tFt 
~$~* 
31 
32.5 
33 
35 
36 
37.5 
39 
4O 
millilambcrts 
0.5625 
O. 7925 
(0.8590 
1.'2G03 
(1.SlSO 
1.4.1.08 
1.7621 
(S.IOS8 
S.3170 
2.3134 
millilamberts 
i. 1342 
i.0409 
1.1878) 
i .8988 
i.3892) 
i.7714 
0.2039 
0.2679) 
0.7177 
0.1568 
millilamber~s 
1.000 
1.500 
2.000 
33.53 
36.46 
38.93 
peg $~:. 
0.254 
0.214 
0.251 
(No. 8) and another (No. 3) a persistently lower relative sensitivity.  The 
figures in Table I  are based on the measurements with all  10.  Indices of 
scatter (P.Eq,) computed with these two omitted, the eight remaining ones 
having  randomly distributed  mean  rank-order  numbers for  relative  sen- 
sitivity, show but an insignificant change from those given in Fig. 1.  It is 
of some interest that, despite the slowness of the response of Triturus, the 
method of  observation  is  sufficiently delicate  to  reveal  slight  consistent 
differences between individuals when they  occur.  This is consistent with 
the findings with Anax (1937-38b, d)  and other forms.  ~  The mean  varia- 
tion in successive readings with one individual is of the order of  0.4 per 
cent.  There is no systematic change in the relative sensitivities with time 
during the long period of observation  (about  1 month); the observations 
were arranged to reveal any such changes. 
The F~ figures do not lie definitely above the F  -  I,~ curve (Fig. 3), as 
found with Anax  and sunfish  (1936-37a, b).  The slowness of the newt's 
response might lead to this result, since the danger of "overshooting" to too 
low an  Fc might be  expected,--particularly  if  the level of  adaptation  is 
higher than  when Ic is being determined.  The  three successive readings 
on each individual show no temporal drift, so it is unlikely that adaptation 
is a factor.  In the region log I  =  2.3 to 0.5 the chief discrepancies between 
F~ vs. log I  and log I,~ vs. F  occur.  It is to be noted that in this zone the 
curve has a  special character  (section IV).  The points in Fig. 3 are aver- 
ages.  Consideration  of  the  individual measurements  discloses that  it  is 
characteristically in the range from log I  =  2.0 to 0.5 that the F~ readings 
are too low, rather than elsewhere.  We may therefore suspect that some 672  r.~ACTION  TO WSUAL  fLICKER  IN TR~T~RUS 
special feature  of the case in this region is responsible.  There  is other 
evidence  for this. 
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FIG. 1. I,~ and P.E.  h  are directly proportional, up to log I  =  0.5, as the log plot 
is rectilinear with slope  =  1.  I,~ is the mean critical intensity for response of Triturus 
to flicker, at various flash frequencies; P.E.112 is the P.E. of the dispersion of I1.  Above 
0.5, the slope changes;  as in other flicker data on vertebrates the terminal part of the 
graph can be rectified with slope  =  1 by taking a new origin}  (The open circlets are 
points obtained in the second  series of measurements; of. Table I.) 
0.4 
0<0.1 
o  I 
FIG. 2.  P.E.r 1 vs. log I 
Iv 
The plot in Fig. 3, as well as the graphs for the data of the several indi- 
viduals separately, show separation into two main portions: a low intensity 
part and a  steeper, larger part at higher intensities.  Through the second w.  j.  cRozmx  AND  ~.~ST  WOLF  673 
of these no simple smooth curve can be put.  The change in curvature at 
about log I  --  0.5  is real and significant.  A  probability integral is easily 
--50 
--20 
--10 
5  4  ~  2,  1  0  l  & 
/og/ 
FIO. 3.  F ~s. log I  for response of Trlbur~ to flicker.  Data in Table I.  Solid dots, 
I,~; open circlets, F~.  Each point is an average of 30 determinations.  Crosses, Im from 
a second, independent series of measurements (Table I). 
~o 
t~  80 
~o ~---  "  -  .I  2 
I  I  I  I  I  I  I 
P.  i  0  i  2  /og  
FIo. 4.  F  rs. log I  for the upper (cone)  portions of the data on two individuals, 
Nos.  1 and 8, which show about the widest difference in the extent of the departure 
from a probability integral in the neighborhood of log I  =  i.  Each point is the mean 
of three measurements.  The slope is the same for No. 1 (Fm~. =- 43.7) and for No. 8 
(Fm~.  =  44.0).  Discussed  in the text. 
adjusted  to the points above this intensity, but between log I  =  2.0 and 
0.5  there is a  definite departure from it.  The departure cannot be traced 
to properties of the apparatus or procedure.  No filters were used to regu- 
late intensity above log I  -- 2.0.  It is important that the departure differs 
in  extent  for the  several individuals  (Fig.  4),  and  that  the  uncharacter- 674  REACTIOI~ TO VISUAL :FLICKER IN  TRITURUS 
istically  low F~  readings  in  this  zone  tend to  approach  the probability 
integral  (Figs.  4  and 5).  The departure from the probability integral is 
thus of a  nature quite different from that which we have analyzed in the 
responses of Anax  (1937-38b). 
If one separates the rod function curve from the composite total (Fig. 5), 
on the basis that the uppermost part of the data is properly described by a 
probability integral, the result is of the same type as that which we have 
~40  F/~cc. 
.  ....  !  .....  I 
-'~  .....  I  r ................  • ............  ,  t  ............  i---.,.  ,  I  ,,  I 
/ 
FIo.  5.  The flicker response contour  for  Triturus,  analyzed  with reference to  the 
criteria discussed in the text.  Open  circlets, F~; solid, I,~.  The dashed ILne is a prob- 
ability integral  The left-hand dotted line (by difference) gives the course of the rod 
contribution to F  as I  increases.  The bulge between log I  -~ 2.0 and 0.5 is taken to 
be due to the activity of a different subsidiary group of receptor units (dotted curve at 
the right). 
already  described  for  the  measurements with  various  fishes  (1936-37d; 
1937-38a)  and man  (1937-38 c).  The raw figures for the rod-dominated 
lower segment of the observations  do  not at  all  adhere to  a  probability 
integral.  The  ascending and  the descending parts  of the rod  curve ob- 
tained by difference (left-hand dotted curve in Fig. 5)  are quite precisely 
described in this way, as in the various cases already analyzed. 
The rod component of the flicker reaction contour for Triturus does not 
differ materially from that obtained with certain fishes at  the same tem- 
perature (1937-38a),  save that it has a lower Fmax. and a  quicker decline. 
Its location as measured by log I  at the inflection point  (5.4)  is  slightly 
higher than that for the fishes tested, its S.D.  (~og  I)  about  the same, its 
declining curve a little steeper.  The rod curve inflection is separated from 
that of the cone member by about the usual distance on the log I  scale. W.  ~.  CROZIER  AND  ERNST  WOLF  675 
The one unusual feature of the cone curve, aside from the complicating 
bulge between log I  =  2.0+ and 0.5, is its great spread.  Its S.D. is about 
twice that found for the several kinds of teleosts we have tested, and is also 
larger than that obtained with man (1937-38 c).  The maximum assigned, 
and the value of log I  at the inflection, are very similar to those for the 
fishes. 
The justification for the use of the curve in Fig. 5 is (1)  that it describes 
the upper part of the data, (2)  that it provides a rational interpretation of 
the rod region of the data, and (3)  that the degree of departure from the 
probability integral between log I  =  2.0+  and 0.5  is  a  function of the 
individual newt.  The nature of this departure (Fig. 5) is such as to suggest 
the  presence  of  a  third  kind  of  visual  element  in  the  retina--possibly 
"double rods"--present in about one-half the frequency of the typical rods. 
The  additional  elements are probably  e not  due to photoreceptors in  the 
skin, as experiments with newts having the eyes covered by special "blind- 
ers" gave no reactions at any intensity for flash frequency.  The behavior 
of the F= figures in this region of the curve could be interpreted as indicating 
that these elements have special properties as concerns photic adaptation. 
The presence of special kinds of visual cells in developing amphibians is of 
course not unknown.  There is a possibility that the number and properties 
of these "extra" elements should differ more extensively from one individual 
to another than do those of the more typical receptor units.  It is to be 
noted that, as with other vertebrates (1937-38d), the break in the log I  - 
log P.E.1 curve (Fig.  1) comes at the level of intensity (here, log I  =  0.5) 
where the contribution of "rod" elements fades out completely. 
The peculiar bump on the flicker response curve (Fig. 3)was confirmed 
by a  separate series of experiments, 6 months later, with a new lot of ani- 
mals.  These data are also given in Table I, and in Figs. 1 and 3.  In this 
series, as for the earlier one, several individuals are found to be persistently 
more excitable than the others. 
We  are  indebted  to  Dr.  Gertrud  Zerrahn-Wolf  for  assistance  in  the 
experiments. 
SUMMARY 
The flicker response curve for the newt Triturus dridescens  (water phase) 
has much the same quantitative structure as that found with various fresh- 
water teleosts at the same temperature (21.5°).  The variability of critical 
0 It is of course not inconceivable that over a certain range of flash intensities visual 
effects originating from the eyes could be reinforced by impulses originating in the skin; 
such effects could not be detected in the absence of retinal stimulation. 676  REACTION TO  VISUAL FLICKER IN  TRITURUS 
intensity and  of critical flash  frequency likewise follows the  same rules. 
The  cone portion of the F  -  log I  curve is much more widely spread, 
however.  This,  and  the  rather  low  maximum  to  which  the  rod  curve 
rises, produce a considerable overlapping of the two parts additively fused. 
In addition, and to an extent which differs in various individuals, there 
is apparent a slight departure from the probability integral form of the cone 
curve.  Reasons are given for considering that this is possibly connected 
with the r61e of an additional  (small)  number of (perhaps  temporary, or 
developmental) retinal elements in addition to the typical rods and cones. 
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